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For the study of the intensity and spectral composition of 
y-radiation of lunar rocks on the space station Luna-10, brought 
into a selenocentric orbit on 3 April 1966, a 32-channel scintil- 
lation gamma-spectrometer was installed. The absence on the Moon 
of atmosphere, absorbing y-radiation, allows us to conduct its re- 
gistration directly from the orbit of the satellite. The count- 
ing rate decrease then taking place is connected with the decrease 
of the solid angle, under which the surface of the Moon is seen. 
Similar to what is observed on the Earth, y-radiation of the 
lunar surface must be connected with the presence in lunar rocks 
of natural radioactive elements, thorium and uranium, with their 
products of decay and also of natural radioactive isotopes of po- 
tassium ~ 4 0 .  
As is well known, methods of determination of potassium, tho- 
rium and uranium are devised for terrestrial rocks with the help 
of a gamma-spectrometer. 
on Luna-10 was therefore set up in such a fashion that attempts 
could be made to estimate by y-radiation of the Moon the relative 
content of K, Th and U in rocks, constituting the lunar surface. 
tant indicator of geological processes which could take place on 
the Moon. 
ferentiation of lunar matter 111 presents the greatest interest. 
At the present time, there are no data on the chemical composition 
of lunar rocks. It is unclear whether the Moon has a crust analo- 
gous to the terrestrial crust (basalt, granite) or whether its sur- 
face is constituted by rocks, close in their composition to the 
primary, nondifferentiated matter (stone meteorites), chondrites, 
ultrabasic rocks . 
The expediment with a gamma-spectrometer 
The content of radioactive elements K, Th and U is an impor- 
The question about the degree of physico-chemical dif- 
From the analysis of various types of terrestrial rocks, it 
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is clear that the highest content of radioactive elements is observed 
in rocks composing the lithosphere--granites anu somewhat less in 
continental basalts. During the transition to matter of stone me- 
teorites and ultrabasic rocks, the concentrations of radioactive el- 
ements decreased by 2 - 3 orders. On the basis of knowledge of the 
concentration of K, Th and U in rock, one may thereby estimate, in 
principle, its type and consequently its composition. ! 
At the same time, in contrast to the Earth, there exists on 
the Moon Yoradiation, arising from the interaction of primary cosmic 
particles with lunar matter. With the low concentrations of K, Th 
and U, the intensity of this radiation may result to be higher than 
the level of Y-radiation from the products of decay, Th, U and K40 
[ 2 ] ,  impeding the determination of K, Th and U concentrations. 
The scintillation gamma-spectrometer included a detector of 
y-radiation, which is a NaJ(T1) crystal, 30 x 4 0  mm dimensions, 
conjugated with an FEU-16 photomultiplicator and a pulse amplitude 
analyzer. The device permitted to measure the Y-radiation spectrum 
on the background of charged particles. 
The device registered the y-radiation spectra in two bands: 
from 0 . 3  to 3.1 Mev and from 0.15 to 1.5 MeV. The switching of the 
bands was accomplished by a special command feed on board the sta- 
tion. 
Expounded below are the first preliminary results of proces- 
sing of Y-spectra obtained on the orbit of the lunar satellite and 
also on the flight trajectory Earth-Moon. 
Results of the Experiment- For the first month of the work on the 
automatic station Luna-10, six spectra of y-radiation were then 
obtained in the energy range from 0.3 to 3.1 Mev. In addition, the 
intensity of y-radiation in the same energy region was measured at 
about fifteen points. 
area of the surface, including the regions of "continents" and mma- 
ria" of the visible as well as the far side side of the Moon. 
The measurements encompassed a rather wide 
One of the spectral measurements of pradiation of lunar rocks 
is plotted in Figure 1 (curve 1) after substracting the background 
engendered by the interaction of cosmic rays with the material of 
the automatic station. The intensity of Y-radiation corresponds to 
the height at which the station (700 km) was located during the time 
of measurement. 
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Analysis of the shape of the lunary-spectra showed that they 
shape of which being mainly determined by the content of natural 
ing from the interaction of cosmic rays with the lunar matter and 
during the decay of cosmogenous radioisotopes, composes the basic 
part of y-radiation. 
fer substantially from the spectra of the terrestrial yradiation, 
loactive elements in the rock. For the Moon, yradiation, aris- 
During the collision of primary cosmic particles with the 
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Fig . 1 
1-spectra of y-radiation of lunar 
rock after the subtraction of the 
background; 2-spectra of y-radia- 
tion, determined by processes of 
interaction of cosmic rays with 
lunar rocks (instant y-radiation 
and decay of cosmogenous isotopes); 
3-spectra of y-radiation, connect- 
ed with the decay of natural radio- 
active elements K, Th and U, con- 
tained in lunar rocks 
nuclei, form nucleon casca- 
des. The residual nuclei can 
be in excited condition, the 
transition from which to the 
ground state is attended by 
the emission of y-quanta, of 
which the energies depend for 
each isotope upon the scheme 
of its energetic levels, i. e., 
the radiation is characteristic 
Certain of the daughter 
nuclei, formed as a result of 
nuclear interactions, are radio 
active and may emit gamma-rays 
during decay. These are the 
co-called cosmogenous radio- 
isotopes. On the lunar sur- 
face all the cosmogenous radio- 
isotopes will be in radioactive 
equilibrium, i. e. long-lived 
as well as short-lived radio- 
isotopes will be present among 
the emitters, of which’the con- 
tent will be proportional to 
their formation cross-section. 
Calculations show that the 
basic contribution is provided 
by the decay of the followin 
cosmogenous isotopes: 014, o , 
F 2 0 ,  N a22, N a2t  These radio- 
isotopes are formed with notable 
yield of main rock-forming ele- 
ments 0, A l ,  Mg, Si. 
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The energies of yrays, identified in the lunar Y-spectrum, 
are brought forth in Table I. Here too are indicated the basic 
nuclear reactions with probable similarly formed elements of lunar 
rock, as a result of which y-rays of given energies are emitted. 
Together with nuclear reactions, engendered by the emission 
of characteristic Y-quanta (instant v-radiation and decay of cos- 
mog nous radioisotopes), a certain contribution is provided by the 
decay processes of rO-mesons and the bremmstrahlung of electrons 
and protons. Spectra of the last two processes have a continuous 
character. A s  a consequence of this, the total spectrum of y-ra- 
diation of the Moon becomes less prominent. 
According to the preliminary data of the y-spectra treatment, 
the general intensity of y-radiation on the lunar surface exceeds 
by 1.5 - 2 times the intensity above the rocks of the terrestrial 
crust and it changes little with the transition from one region of 
the lunar surface to others. This result is apparently explained 
by the fact that the irradiation by cosmic particles is the basic 
source of y-rays - a factor acting practically identically over 
the entire surface. 
The estimate of the level of the natural activity and the 
determination of natural radioelement concentratjon can be made, 
if we subtract from the obtained lunar y-spectrum the effect of 
y-radiation determined by the interaction of cosdc rays with lu- 
nar rocks . 
Admitting that the y-radiation spectra, induced by cosmic 
rays in the material of the station and in the lunar rock, are 
identical in shape and only differ by the intensity, we obtained 
the y-radiation spectrum of lunar rock, conditioned only by eosmic 
rays (Figure 1, curve 2 ) .  
Curve 3 (Figure 1) is the difference of the curves 1 and 2.  
This part of Y-radiation can be the result of the decay of natural 
radioactive elements. 
As may be seen from the spectra plotted in Figure 1, approxi- 
mately 90% of y-radiation of the total intensity of lunar rocks is 
due to cosmic'rays and not more than 10% is ascribed to the decay 
of K, Th and U. 
The gamma-spectrometer, intended for the study of lunar y-ra- 
On the 
diation was preliminarily calibrated in terrestriaa conditions on 
standard specimens with known compositions of K, Th and U and also 
on rock samples with a different content of these elements. 
basis of these data it was found possible to compute the y-spectra 
which must be obtained during measurement on the orbit of the satel- 
lite for rocks with different contents of natural radioactive ele- 
ments (with the absence of radiation due to cosmic rays). The av- 
erage values of the concentrations of K, Th and U, utilized for the 
concentration of spectra, were borrowed frcm the work [ 3 ] .  
I 
The compsrison of y-radiation from the decay of natural radio- 
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active elements K, Th and U with the results of calibrations of the 
device on terrestrial rocks permits us to ascribe the concentrations 
of radioactive elements, similar to terrestrial rocks of the basic 
type (basalts with a content of radioactive elements) to lunar rocks. 
The obtained data allow us to exclude for those regions of the lunar 
surface where measurements are brought forth, the existence of rocks 
with the same content of radioactive elements K, Th and U as in acid 
terrestrial rocks (granite) and so much the more of rocks with ore 
segregations of these elements. At the same time, the exclusion of 
the possibility of existence for these regions on the lunar surface 
of ultrabasic (meteorites) matter does not seem probable at present. 
R E F E R E N C E S  
1. A, P. VINOGRADOV. Khimicheskaya evolyutsiya Zemli, Izd. A. N. 
2. A. P. VINOGRADOV, YU. A. SURKOV, L. P. MOSKALEVA. Dokl. na 7-m 
SSSR, 1959. 
Mezhdunarodn. simposiume PO 
kosmicheskim issledovaniyam, 
Vena, 10 - 19 May 1966. 
3 .  A. P. VINOGRADOV. Geokhimiya, NO. 7, 555, 1962. 
Institute of Geochemistry and Article received on 
Analytical Chemistry, 23 June 1966 
in the name of V. I. Vernadskiy 
Academy of Sciences of the USSR 
Volt Technical Corporation Translated by 
Contract No. NAS-5-12487 DIANE A. ROBERTS 
Suite 606, 1145 19th Street, N.W., Principal Investigator 
Washington, D. C. 20036 ANDRE L. BRICHANT 
* 
* * *  
* 
